To better understand Simian betaretrovirus (SRV) seropositivity in virus-negative macaques, we transfused blood from SRV-infected or suspect donors into immunosuppressed naive recipients. Our results do not support typical SRV1-5 infection as the cause, but provide evidence for several possibilities including serological artifact, new/different SRV, or an endogenous virus.
| INTRODUCTION
Simian betaretrovirus (SRV) has been a model of immunodeficiency and a target of exclusion in colony management of macaques since the 1980s. [1] [2] [3] With the implementation of improved diagnostic testing and management practices, the prevalence of naturally occurring SRV in captive colonies has declined dramatically. 4, 5 However, despite best practices, small but growing numbers of seropositive, virus-negative animals with no plausible history of exposure have been confirmed by multiple laboratories using various methods including antibody assays with viral lysate and recombinant protein targets on platforms including enzyme immunoassays, microbead arrays, immunofluorescence, and Western blot. Virus detection assays have included PCR and virus isolation in multiple cell lines. 6 While some results could perhaps be attributed to assay artifact, samples with reproducible antibody in the absence of any virus detection have been identified by all assays. These observations raise questions which our transfusion studies begin to address: Have current diagnostic methods become so exquisitely sensitive and the virus so rare that we are detecting noise? Is the host making an immune response to endogenous virus? Is this a new serotype? Have selection pressures changed the characteristics of the virus and/or its host?
| MATERIALS AND METHODS
All animals were maintained in fully AAALAC-accredited facilities in accordance with the Animal Welfare Act, Regulations, and the Guide for the Care and Use of Laboratory Animals. [7] [8] [9] All procedures involving animals in this study were approved by each institution's IACUC. As detailed in Figure 1 , citrated whole blood was collected from known SRVinfected or SRV suspect (incomplete or full antibody reactivity patterns without PCR confirmed virus detection) pigtailed macaques and transfused into seven naive, CD8+ cell-depleted adult rhesus macaques. MA, USA). 12 and Western blot immunoassays were employed for antibody. 13 The microbead assays used recombinant and viral lysate antigens with biotinylated goat anti-human IgG and streptavidin peroxidase for detection on the Luminex platform. For immunoblots, SRV1
and SRV2 viral lysate were electrophoresed through a 4%-12% gradient gel and transblotted onto PVDF membrane. Peroxidase-conjugated goat anti-monkey IgG and 4-chloro-1-naphthol were used for detection. Real-time PCR was performed using primers validated to detect SRV1-5 serotypes with a sensitivity of one to ten copies. 14 PBMCs were isolated, stimulated with SEA, and co-cultured on Raji cells in fetal calf sera-supplemented RPMI media for 6 weeks. 15, 16 Cultures were observed twice weekly for CPE, and supernatant was collected for PCR.
| RESULTS
As shown in Table 1 , all animals were efficiently CD8+ cell-depleted 
| DISCUSSION
Although SRV1 infection and SRV4 infection were successfully transmitted from donor pools to recipient animals, the demonstrated lack of transmission to cage mates and lack of pathology (ie, anemia, immunosuppression, wasting) contrasts with the historical descriptions of SRV. Could evolutionary pressures over time be selecting out a specific population of macaques or virus strains? The inability to confirm infection by either antibody or PCR in any recipients of SRV suspect blood supports the possibilities that these non-negative antibody/PCR-negative profiles do not indicate conventional SRV1-5 infection but could perhaps represent a serological assay artifact, a different, low-level, difficult-to-detect virus or reactivity to an endogenous virus. With the current exquisitely sensitive diagnostic methods and low virus prevalence in many established colonies, statistical principles favor the greater probability of false as compared to true positives. 6, 17, 18 Recent publications have reported additional serotypes beyond the well-established SRV1-5. [19] [20] [21] [22] [23] We (R.
Grant, manuscript submitted) and others have demonstrated confounding detection of host immune responses to endogenous viruses in SRV serology. 24, 25 Although both SRV5 donors were antibody positive/PCR negative on the day of transfusion, they were infected as shown by not only antibody but also PCR positivity on five of ten and one of ten dates tested during the prior 2 months. Without a better understanding of the mechanisms and stresses triggering PCR positivity at any time point, 26 transmission risks remain. 26, 27 Studies to further address and differentiate possible explanations to unravel the mystery of SRV-seropositive/virusnegative and potential infection risk to other macaques are in progress.
